The article focuses on the issue of agricultural soil sealing in the Dolní Věstonice and Modřice cadastres (South Moravian Region). Available data and map resources were used for this purpose (historical and up-to-date). Data was processed using manual digitalisation which helped to generate the needed map output. The decrease in area of agricultural land is analysed in individual periods starting in the year 1824 (source of data stable cadastre -the first half of the 19 th century) until the present, and the sealing of different types of plots and soil kinds is assessed according to Evaluated Soil-Ecological Units (ESEU). In most cases, agricultural land sealing is associated with municipal expansion. To compare future development, potential (forthcoming) agricultural land sealing proposed within the valid landscape plans was also explored. Likewise, the overall price of sealed plots in both locations was calculated. The results show that there was a significant change in the use of both model territories between 1824 and the present. In Modřice, the area of the built-up area was changed from 16 ha (1824) to 409 ha (2016). The area of the site has expanded from 90% to agricultural land. The most significant change in this area is the development of builtup areas on agricultural land. In the model territory of Dolní Věstonice, the area of the built-up area increased from 16 ha (1824) to 48 ha (2016). The area of the site has expanded from 70% to agricultural land. Due to the construction of water reservoirs "Nové Mlýny", the area of water bodies increased by 569 ha (during the period 1824-2016). The water reservoirs occupy 65% of the cadastral area of Dolní Věstonice. The most significant change in landscape is the increase in water areas in Dolní Věstonice. Should this trend persist, an extensive reduction in agricultural soil and ensuing problems associated with sustainable agriculture, potentially also deficient food resources must be anticipated. 
Introduction
The landscape is an open system created by the mutual influence of natural processes and human undertakings (Antrop, 1998 ) that change over time and space. Since the beginning of human society's development, man has influenced the appearance of the landscape and the intensity and course of natural processes. The landscape changes continuously with the varying intensity and scope of changes. The intensity depends primarily on the location, the attractiveness of the land and the degree of maturity or development of society. Alternations in land use that reflect changes in approach to natural and socio-economic sphere in a specific area (Jeleček et al., 1999) are among the most visible manifestations. Landscape and its disposition are characterised in their uniqueness based on a remarkable variety of natural and cultural conditions (Kupka, 2010) . Lokoč and Lokočová (2010) quoted that landscape can be visualised as a jointly-created and controllable organism. Lipský (2000) stated anthropogenic processes act very quickly and over a short space of time. These processes alter the appearance, structure and function of the landscape directly (surface mines, ploughing, planting, etc.) or indirectly (erosion, ecological succession, etc.) The most extensive and deepest changes to the landscape were offset by the industrial revolution in the mid -18 th century and intensified in the second half of 20 th century. Creating large soil expanses of arable land and the destruction of landscape elements with an environmental function during agricultural collectivisation had a drastic impact on the face of our countryside.
Soil and landscape are degraded in their quality (soil erosion, nutrients washing out, soil compacting, landscape homogenisation, falls in biodiversity and fragmentation of landscape structure), as well as lost completely in terms of their quantity. However, at present, soil sealing for other, non-agricultural purposes can be considered as one of the gravest degradation factors.
Urban development, by far the most rapidly expanding land use type in Europe, puts peri-urban areas under particular pressure: the growth of built development in peri-urban areas is likely to be up to four times as fast as in urban areas. The risk is urban sprawl and soil sealing (Piorr, Ravetz, Tosics, 2011) . Urban sprawl is associated with a number of ecological, economic and social effects. However, urban sprawl has detrimental and long-lasting effects. For example, urban sprawl contributes significantly to the loss of fertile farmland, to soil sealing and to the loss of ecological soil functions. The increase in built-up areas reduces the size of wildlife habitats and increases landscape fragmentation and the spread of invasive species. Urban sprawl leads to higher greenhouse gas emissions, higher infrastructure costs for transport, water and electrical power, the loss of open landscapes, and the degradation of various ecosystem services (European Environmental Agency, 2016).
The development of human settlements and society changes landscape structure and the functional use of the land. Due to the expansion of towns and villages including ensuing infrastructure, agricultural land including the best crop-yielding areas has declined dramatically (Van der Heijde, 2012). In their work, Hersperger and Buergi, (2008) quantified the engines of landscape changes and discovered that urbanisation was the most important force of landscape and societal change in the three periods under scrutiny (the beginning, middle and the end of the 20 th century). Economic and political reasons only followed. Urban sprawl presents a major challenge with regard to sustainable land use, as the International Year of Soils 2015 highlighted. Sprawl is a result not only of population growth but also of lifestyles that take up more space (European Environmental Agency, 2016). Growing urban sprawl (dispersed urban development) is a serious concern worldwide for a number of environmental and socio-economic reasons. Since 2008, half of the planet's population has been living in cities and agglomerations, and this proportion is increasing at a rapid pace (UN, 2006; UNFPA, 2007) . The global human population is likely to continue to increase rapidly, which will lead to a continued population shift from rural to urban areas and to significant additional land uptake for urban expansion (Montgomery, 2008; Gerland et al., 2014; UN, 2014) . Nearly 73% of the European population live in cities, and this proportion is projected to reach 82% by 2050 (UN, 2012).
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The issue of agricultural soil sealing is both world-wide (Africa, China: sealing for quarrying, infrastructure) as well as specifically European (Netherlands, Italy, Germany: sealing for infrastructure and industry). At present, we are probably experiencing what is historically the most extensive obliteration of agricultural land.
The Food and Agriculture Organization of the United Nations (FAO) expects an increase of 43% in global food demand by 2030 (FAO, 2011). While there is competition for fertile land, it is most pronounced in continents with the largest population increases, namely Africa and Asia (Chen, 2007; UN, 2014; Lambin et al., 2001) .
A European Union report (EU) asserted that between 1990 and 2000, at least 275 ha of soil were lost in the EU every day. Almost half of these areas is permanently covered with an impenetrable layer of buildings, streets or parking lots. This unfavourable movement threatens a lack of arable land and sources of underground water availability for future generations (Agrarheute, 2011) . In the EU, the Member States with high sealing rates (exceeding 5% of the national territory) are Malta, the Netherlands, Belgium, Germany, and Luxembourg. Furthermore, high sealing rates exist across the EU and include all major urban agglomerations, and most of the Mediterranean coast. The latter experienced a 10% increase in soil sealing only during the 1990s . Between 1990 and 2000 alone, more than 800,000 hectares were built on in Europe. This phenomenon is due to changing lifestyles more than increased population. Accordingly, urban sprawl has increased even in regions with a declining human population. Many more urban development and transport infrastructure projects are planned for the future, in particular in the European Union (EU) Member States which joined after 2004. Consequently, further increases in urban sprawl in the future will be significant (European Environmental Agency, 2016).
The loss of agricultural land is not only a development of cities and infrastructure in all cases. Agricultural land is also degraded and occupied due to the construction of water reservoirs (dams) and extensive afforestation (Science for Environment Policy, 2012).
In the Czech Republic, the conversion of farmland to urban uses (soil sealing) represents a very serious problem. On arable land in particular, there is a trend of soil loss (approximately 9100 ha/year), which means approximately 25 ha/day, or an area equal to 40 football pitches per day ). Since 1927, the Czech Republic has lost over 851 thousand hectares, i.e. 22.3% of agricultural soil (Charvát, 2010) . Historically the worst period came between the years 1976 and 1981 when 37.9 ha of soil vanished every day. This trend is perceived as extremely unfavourable and represented one of the worst developments in Europe. The intensity of soil sealing in the Czech Republic has been oscillating around 25 ha of soil per day lately (Spilková, Šefrna. 2010 ).
Despite the existence of the agriculture land protection law (Law No. 334/1992 Coll.), land protection in the Czech Republic seems to be ineffective. Rectification of damages caused is a long-term process that is often, in the case of soil loss, irrecoverable (Podhrázská, Karásek, 2014) .
The aim of the article is to evaluate the changes in landscape of two model areas in the Czech Republic and to highlight the significant decline of agricultural land in the last two centuries.
Methodology and Data
Statistical, spatial grid data and vector data were used as a basis for research utilising maps (historical maps and current orthophoto maps) provided by the State Administration of Land Surveying and Cadastre and also the Military Geography and Hydrometeorological Office in 662/849 Dobruška (historical aerial snaps), together with the currently applicable landscape plan pertaining to this particular area. All data was compared in Microsoft Excel, SQL. All spatial data was processed by ArcGIS software. ArcGIS features, including Spatial Analyst, have been used to process the input maps. Data overlays were used to compare data. All map outputs are processed in ArcGIS software. The representative cadastral areas of Dolní Věstonice and Modřice were selected for the purposes of this article (South Moravia, Czech Republic). This countryside has undergone major changes in land use. The intention of the analysis was to present the local impacts of the expansive land appropriation, made for the facilities with the supra-regional importance. In the first case it was construction of the flood protection and water retention basin connected with consequential development of recreation zones, in the second case, it was building-up the commercial and industrial estate, connected with the development of the traffic infrastructure.
Evaluation of changes in Land Use
The source for primary analysis of changes in the countryside and assessing the sealing of agricultural soil to the benefit of the progressing residential area were primarily digitalised maps of land use dated 1824 (stable cadastre -only residential area -built-up areas -covered; scale of maps 1:2880), 1836-1852 (2 nd military mapping; scale of maps 1:28800), 1876-1878 (3 rd military mapping, scale of map 1:25000), 1950 (aerial snaps), 1990 (orthophoto), 2006 (orthophoto) and 2016 (orthophoto). The selection of time horizons for analysing countryside structure was set with the intention of covering the most crucial alterations in landscape structure from the mid-18 th century up to the present. A stable cadastre was set as the starting point. The current situation at the opposite end of the time scale is depicted by a colour orthophoto dated 2016. Another part of the analysis used the available Dolní Věstonice and Modřice landscape plans that stipulate the manner of using village land in future. As in the case of the stable cadastre, only the residential area was covered in the case of the landscape plan. For the purposes of ascertaining the theoretical future development of built-up areas, the coverage of built-up areas in 2100 was calculated using a method for stipulating the annual intensity of residential area expansion from the stable cadastre until 2016 (X ha/year) and applying this figure up until the year 2100.
The built-up area category was selected from analysed land use. The development of residential area expansion was analysed for the period under scrutiny.
Evaluation of changes in land characteristics
To evaluate agricultural land and its productive capacity expressed in prices, in the 1970s, the Czech Republic introduced the "Land Evaluation Information System". This system contains basic data on the land defined using a 5-digit code, forming together an Evaluated Soil-Ecological Unit (ESEU). Each of the digits (or pair of digits) expresses a particular land characteristic. The system of evaluated soil-ecological units reflects all characteristics and differences in a particular agronomical area (soil, climatic and morphological conditions). Regionalization of individual ESEU and their corresponding codes is done based on a digital collection of ESEU maps, using the borderlines surrounding individual ESEU surfaces with their numerical designation (Mašát et al. 2002) .
The structure of the ESEU code is defined in the following way: This approach was applied to the assessment of economic impacts of soil sealing in the model localities Dolní Věstonice and Modřice.
Characteristics of the area
Modřice is a town in the Brno-venkov district in the South Moravian region immediately neighbouring the city of Brno. It is located on the edge of Dyje-Svratka valley and its cadastral area covers 1005.04 ha. 
Results and Discussion
Generated land use maps mediate information on land use from a historical point until the present, including the state proposed in the municipal landscape plan. The second time period selected was the term of the third military mapping (3MM) that gives a similar view of the usage of land in both compared locations. Having carried out Modřice cadastre mapping, it transpired that the arable land category dominated taking up 87.47% of the whole area as against the previous mapping period. The result pointed to dramatic decrease in forest culture (0.46%) and permanent grassland (6.45%). To a lesser degree, orchards (0.22%), vineyards (1.5%) and other land that takes up 0.37% of the cadastre are represented. When assessing the scope of built-up area, a growth of about 11 ha became apparent which represents some 3.53% of the overall built-up area (Table 2) .
Forests are the highest represented type of land cover in the Dolní Věstonice cadastre with 34.34%, followed by permanent grassland, where the coverage increased by 6 ha (31.79%), whilst the orchards dropped (0.19% (Table 3) . On the other hand, forests are highly represented in the Dolní Věstonice area (40%). These are followed to a large degree by permanent grassland (23.45%) and vineyards taking up 5.45%. Built-up areas increased in both locations under scrutiny against the previous period (Table 3) . Analysis of 1990, land use data (Table 4) brings fundamental changes to the use of landscape as against the previously analysed periods in both cadastral locations.
In the Modřice cadastre, arable land still prevails even though it dropped compared to the previous period down to 60.44%. Orchards went up significantly (11.58%). Besides, there was permanent grassland (0.17%), forest (1.34%), vineyards (1.68%) and other areas (1.32%). The analysis carried out suggests the second most frequently represented category is built-up area that now covers 23.47% of the total acreage, i.e. 235.94 ha. Development of the residential area can be attributed to the proximity of the Moravian capital Brno, i.e., the proximity of a large city, the development of infrastructure, migration of inhabitants to towns and their outskirts.
The forests in Dolní Věstonice that had prevailed up to that point vanish completely to be replaced by water, due to the construction of the Nové Mlýny reservoirs. These now cover more than half of the landscape under scrutiny. Arable land is the second most represented category (17.08%), followed by vineyards (6.86%), permanent grassland (3.6%), forest (1.63%) and orchard (0.38%). Built-up area represents 33.16 ha (3.77%). 
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Land Use -2016
Analysis of the present state in Modřice cadastral area shows two prevailing categories in the way of using the countryside -arable land (45.21%) and built-up areas (40.68%). In case of the arable land, the acreage drops continuously for the benefit of built-up areas. Against the previous term (2006), the acreage of built-up areas grew by almost 123.32 ha. The built-up areas currently take up about 41% of the total cadastral acreage (Table 6 ).
At present situation in 2016, water prevails in Dolní Věstonice (64.98%), followed by vineyards (8.83%), arable land (which is dropping continuously -8.3%) and forests that take up 7.76%. Compared to the previous period, the built-up land went up by a further about 10 ha to the total of 47.82 ha. 
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Assessment of agricultural land sealing
Assessment of agricultural land sealing in favour of built-up areas was produced for 8 time series including the stable cadastre (SC) dated 1824, proposed state in the municipal landscape plans and theoretical situation in 2100.
Modřice Cadastral area
Historical mapping images and pictures of the stable cadastre formed the source for assessing the total sealing of built-up areas (Fig. 6 ) that represents 13.11 ha. At the time of the second military mapping (1836-1852), the built-up areas expanded to 23.53 ha. At the time of third military mapping, there was a further increase in built-up areas by about 12 ha. From 1950 until the present, the overall acreage of residential areas grew to 408.93 ha corresponding to about 41% of the acreage. A total sealing of 123.29 ha has occurred in the last ten years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) . Yet the municipal landscape plan proposes sealing further ca 40 ha of soil. The potential scope of sealing to the benefit of built-up areas in 2100 was ascertained from the obtained results and it can take up as many as 59% of the location under scrutiny ( Figure 5 ). Analysis of the decrease in land use categories showed that most sealed category in all the time periods under scrutiny was arable land (more than 80% of built-up area in all instances). The table 9 below shows the total scope of sealed cultures in individual time periods. 671/849 The total surface of the sealed soil between 2 nd military mapping and present (2016) is 388.3 ha. The total soil price of this area is 2,071,399 EUR. 
Dolní Věstonice cadastral area
The scope of built-up areas in the onset period (year 1824 -stable cadastre) was 16.49 ha. The built-up area increased by 7.64 ha by the time of the second military mapping. There is no notable change at the time of the third military mapping. Land use analysis in 1950 demonstrates an increase of built-up areas by 32.18 ha against the starting point (growth by 6.38 ha compared to the previous period). Between 1950 and 2006, a 5.8 ha area was sealed (Table 11 ). In the most recent ten years (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) (2015) (2016) , the extent of built-up area grew by a further 9.83 ha. According to the municipal landscape plan (LS plan), approximately 10 ha more soil should be sealed (Fig. 9,  Fig. 10 ). Based on the results thus obtained, it is possible to anticipate a further increase in builtup areas by 2100. Table 12 and Fig. 11 . The results show that 9.53 ha of soil was sealed since the time of the second military mapping (1836-1852) to 1950, whilst the sealing of arable land prevails. Between 1950 and present, the total of 19.35 ha (again mostly arable land) were sealed. According to the landscape plan, a further approx. 10 ha should be taken for the purposes of developing residential area from arable land, orchards and forests.
Assessing the loss of acreage of individual ESEU, it was found that it is most frequently the high quality chernozem, soil rich in humus, (ESEU code 0.01.00, 0.06.00, 0.08.50) ( Table 13 and Figure 12 ) that is the most lost, taken to develop residential areas. The total surface of the sealed soil between 2 nd military mapping and present (2016) is 28.88 ha. The total soil price of this area is 90,319 EUR. This clearly shows significant effects of soil sealing process on the land price. 
Conclusion
The amount of land that was used for farming or forest management dropped considerably in the presented locations in individual time horizons. In the case of Dolní Věstonice there was a reduction in soil due to build-up and due to the construction of water reservoirs. The built-up area tripled over the period under review. The construction of the water reservoirs "Nové Mlýny" changed the landscape character. The extensive forests and meadows were flooded. Water elements can be utilised for economic purposes (fish or water fowl breeding). The area gained a different character, character of the landscape has changed considerably, growing tourism enabled municipal progress and next sealing of agricultural land for construction. In the case of Modřice however, the sealing were irreversible, built-up areas changed the hydrology of the area in a negative direction (impenetrable areas). 
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Agricultural soil sealing is a world-wide problem. For a long time, the drop in agricultural soil was not perceived particularly negatively, given the agricultural production, since due to breeding new varieties and the use of industrial fertilisers and pesticides, agricultural yields kept rising. Gradual degradation of the soil fund associated with decreasing biodiversity and the environmental balance in agricultural landscape went hand in hand with this trend. At present, the negative impacts of intensive farming on ecosystems are increasingly emphasised while promoting organic agriculture. This manner of farming puts increased pressure on the coverage of cultivated land because the yields of agricultural crops without using chemicals cannot attain the same values as intensive farming. The agricultural policy of the EU also plays a significant role in the use and protection of the soil fund. In the years of its functioning, State agricultural policy urged farmers to use modern mechanisation and new approaches, including chemical fertilisers and plant protection preparations. This policy was efficient and productivity grew. The task farmers face is to produce as much foodstuff as possible from a diminishing number of sources (the area of agricultural land is decreasing). At present, there is over-production in the EU but the threat of climatic extremes, including agricultural drought that may in future adversely affect our bestyielding locations, will probably cause a drop in strategic commodities production. The intensity of agricultural soil fund sealing and the devastation of agricultural soil presented in the article is another negative factor that must be taken into consideration when planning agricultural policy. The study in model areas Dolní Věstonice and Modřice confirmed that the soil protection law No. 334/1992 Coll. is not respected in the Czech Republic. The lands with the best soils (Cheznozems) in 1st and 2nd class protection (highest priority of soil protection) are used for building. The Landscape plans calculate with the areas of the best soils for building purposes in the future. By the example of the two cadastres, located in the most fertile area of Moravian region, there was performed not only how many hectares of agricultural land were changed to other use, but also the loss of highest quality soils was performed, expressed by the soil price. In the cadastral area of Modřice, 382 ha of agricultural land (arable land, grasslands, orchards, and vineyards) have been built since the mid-19th century. The area is located near the city of Brno. The location is characterized by rapid development in recent years (housing, industrial zones, infrastructure). In the cadastral area of Dolní Věstonice the area of the built-up area increased by 29 ha. This is a rural area. The small village of Dolní Věstonice is growing more slowly. The main importance in this area was the construction of the "Nové Mlýny" reservoirs, which were built mainly on forest lands and permanent grasslands. As a result of the growing built-up area and infrastructure (at today's agricultural land prices), at least 2,071,399 EUR was lost in Modřice and 90,319 EUR in Dolní Věstonice. These prices do not include the production potential of lost agricultural land. The production potential of the Czech agriculture presents about 3.5 millions ha of the agricultural land. About 50% of this land is located in the less favourable areas. The amount of soil loss by the appropriation presents about 15 ha per year, previously in the fertile areas. It seems to be the negative and ongoing trend. The aim of the presented results was to demonstrate the temporary development of the soil appropriation and the radical changes in the land use in analysed localities.
